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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the MOS 
transistor of a pseudo double gate structure while 
keeping the element separation resistance of STI 
element separation. 

SOLUTION: A semiconductor device is provided with the 
drain region 11 /source region 12 of the MOS transistor 
formed at the surface layer of a semiconductor 
substrate 10 f a gate electrode 15 formed through a gate 
insulation film 13 on the surface of a channel region 14, 
an STI 20 composed by forming an oxide film 21 on the 
inner wall of a groove formed at the surface layer of the 
semiconductor substrate, and a conductor 22 for a back 
gate electrode buried inside the STI for depleting a part 
below the channel region of the MOS transistor by the 
application of a prescribed voltage. 
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1 

IW&m 1 1 ¥&#»£©fU§SB«:jia&3 ntcMO s 
Stri£^f**«©Mie k w > • v - x^Rfl© * + * 

r^<S£. 

g«iB^<*ttts©*JigP(c^ s ftfc$©i*jMK:*&^jgi 

JJD§nSC£Kj:oTBUieMOS r7>^X#©*T* 

Jl«-f SCi £4$tfc £ -T £ ¥«#3£B. 
[ 1113312] IWB«»®il®* : P»IWiU«B, «5fBF 

jR^f^MMRjao^tt < £4>-^©rtgPK;a*ji*ft-c^ 

Stit#JSl *fc«2IBt8©¥a£#^B. 

ftfclMMLhKi' => >@?&sffM3ftfcsoi SffiTfe-S 
C £ £ -T 1 $ tdii 2 §m<D¥&#2iW. 

[turn 5 ] buibsoi mm.<D3mmm<D3kmmc +> 
x-frmmiamztirisK) . wgB?8§9^#i£t«w£©rt 

S(C^3 ftfc^#^«ijlB«m#©±gP«:^^ r t> & 
C t &ttft £ -T 6!I#J14 IBi&©#3*f*ISB. 

[ tf^ia 6 ] mzmmmtt&mmvfomcmm. z ft 
£fii#ii i ji55©i>fn)!p i micmmomm&mm.. 

[fi#II7] ^t&&R±iCJ&tilZtlttjt*:V*A>m 
©MO S r =7 > S^X * ©SH?fJ#> 6 & -5 ^ * 'J -b^T I' -f 
£. 

BtFfB^ * u -fe;wr u 4s J: tfHaa@HHKW©*ft*ft«: 
BtflB^ft»tS©^SSI5(c JfM $ ftfcjfOrtMK: 

MiwR^^iiSd ft-c & %mm>m*mttffi i tm £ . 
©ist^m^siM^© 9 -fp©4>& < t i>—m<Dmmm* 

^■f»M^<D(^SI5^«|Ji)ii$ft. M^©^IE#EPJJtl3ftS 
c£tcJ:-?Tit5iBMOS r 5 *©?■** 'MB^T 

c £ m £ -r ?>^ft*is. 

[§i#JI8] HulB^^ty -fe;l/TU 4 tCfctt £«&©?* 
aSBR-?fl«fllW«. * 'J * Jl/ffl<DMO S r 7 > 5> 

X * © F b > • V - XMifl©^ -r ^ * * 

;m©PfflMa> 6 &if ulB«: 3 ftT t > -5 jtS^^SS 
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mFiB&H{*«. nftiB + JHH<Dp^ffliJtcfl^j?K 3 ft /cSIS 
*^»««©5l>4< £*>-^©rtSP«:a*ji^ft-Cl» 
-2>C<!:^#®£-r-5> 7 f Bt&©¥i£{*£Bo 

^©^•ft^ftic^iss ftr i»*«nBa^*^i»iina© 
5^. frfB>*'J42^ru-<{c0fi!c$ftri>s?8S^T- 
^itMMS©*rtgB«:B(riB^s(*^aJi)ji3s ftr^ ■& c £ 

[ t»*^ i o ] piB^m<*©±sP(cigyi i # tti lib 
ag©n > h ama^ * >; 42;ut u a ©jsh l < w 

ftri^ c £^m£-r^i«^7 7bS9 ©^Tft*^ 1 
«KiBt8©*j»**«S. 

[HUWH1 11 BIflB^<*S««. 3^IS±KM 
SftfclMtlLhw:^ U n>JS*^(iR3ftfcsoi iST* 
iC£5r#it£-r^l»*]177!>£l 0©U-Tft^ lflIK 

ia«©*aw«fi«. 

[W*^ 1 2 ] 1iJrlB¥iStt«#t«. 3d*Jt«Lh«C«ia 
$ftfc^K±^C-> 'J n>Jg^^$ft/tSOI S^r* 
«3> buIBsoi »&©3m*«©3Uig|S«:<5i;i^$*5m 

fiS$ftr*»o. wew»©Tia»»*inE , ?x*iw«tc 

^SftTfcO. mriam^^l»^©rtiSK:^3 

£"T -Sft!#iH7 7iS9 ©C»"Tft^ 1 ^(CfBiS©¥^f*^ 
B. 

*5gfiay * -fe;ur u A ©SB ©3 > * * V ff J^icj&ES 

3ft-Cl>SC£«:!RFi!t£-r2.iS*«l 2fBtt©¥«^ 
Bo 

[^BJ©»ffl^lftBJ] 
[000 1 ] 

£(c^fflSft^fe©r*s., 

[0002] 

fteftSrgfi 5 ^ OT. V-ffrV- Y (dcxible qate) IS h 7 
>i?X £ , OK y- h (surround qate) II-7> 

s^x^l?. t,Ko^©^*ig|gSftri>4c 

[0003] 023», IEDM 97 427-430 tC^3ft"C 
l^^^l/V- Hfig©MOS h^>> ! X^©gt3Stf(Il 

[0004] m*P. 2 1 1 «S«*© FU-Y Xdrain) 
Mti. 2 1 2{*S« c t 3 ©V-X(source)^> 2 13fc 

«tO*2 1 4 ttS^o^TtC-eft^ft^^ftiCSW & 
ft/c h v h (top qate)*J <fctf*' h Ay— h (botto 



(3) 



m gate) . 2 1 5«iiufB§y- Kt&SftfcS^©?- 
+ *;l/(Channel) fiRtt. 2 1 6 «&y- h £fliTfB Kl"f 

[0005] CCDMOSI-7>yx$lJ, 

2 1 3*sJ:0'^>Ay- h 2 1 4#a®*©±TtC-£ft 

^tl*^lfiJ(CSW6ti, c©28©y-Hctft*ftfc 

[0 0 0 6]COW^-hiilm MOSF7> 
^*0h"^y-h2 13©ITiC#hAy-h2 1 10 
4 #/< 7 * y- h (Back Gate) £ -2) C £ fC * 

? + jM4Mt2 1 5 S£*t£IES 

ftT^syyji-y- h«j&b7>^x*oiti4©istifig 

{t (2/3- hf-+*;t>fl!i*©iK«> F-5-f-^tfw y-^-f 
(Drivability) ©fa-h3?) #8IK£"e&S. 
[0 0 0 7] C©*§^ i*9 9#-h2 14*! 

J:0«E-©*II©y- hiffi^K2 1 64MUfc«» 
> 2?X * ©Sft^JS (body) £ £ #*SHJ§ £ l> tt W 

n«nce.r. flaxen u<. ^©WHttifii-fcWH 
8-c&s. 20 

[OOO8]024tt» 9-fto>f- Hffift©MOS h7 

[000 910*. 22 1BS«*OKU^XD)^ 
». 2 2 2Bl«*OV-^(S) mm. 2 2 3*J<fcO*2 

2 4w«ffi*©±T^-?-n^naa:^(cis^6n/c h 

;/ 7-y- h (Top Cate)*J<tO**' h i»y- h (Bottom Cat 
e) . 2 2 5 (iMIBSy- h KUfcgft/cSfficp©^ +• * 

A-*wtr*'«) . &y- h =SririB f u -r v - 

^^*^^c«:?pt^-c*fii^-ri)y- h*6^M (0^ 
«r)'**»RSsnTi»*. 30 

[00 10] COMOSh7>^»», hs^y-h 
2 2 Sfc^^'h Ay- h 2 2 4 ^^©feSCC-eft 

-etifiit^wciaw <E>ft. c©2ts:©y- f (c$*$ft/c 

[ooi i] c©yy^y- i~«jS«. 
©y-hfinx. uaiowsfliAttfiiSHBii/. ftnx 

[0012] ±iBbfc«fc ^ CC&£ffl 1 . S£*W2 ©v^r 

ft©yy;uy- nt flnx©BHt4J:o^ic«M 
-?-ci,>ftt,>. ^-©/c*. tb^Bv^ftflnxs?-?^^ 40 
-cifc-st:. y^juy- h«ii^©Mos h^>> ! x^£isi 
«©5^j**»i^-c^ -smo s h 5 *©«i 
3fttu£. 

[0 0 13] 

[fSgjasJS&LJ^i-rSBijg] XiBl/fcJ^Kifcfc© 

^ft^stc^sn^yy^y- ngjS©Mo sh? 
>i>x*«. }rax#iti/<. ^^©WHttGLbWH 

SI-CS. i> £ t>5 fflffi#& o tc. 
[0014] *^«±IB©F4H.^5:^-r^< ft 3 ft 
fcfeO-C. ^y-h«Jil©MOSI-7>^f tl§l 50 
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«©«**JB»nJffittJWHi'^^y- b#it©MOS h 

7>^f ^itsmsf^fliixa^sisii^ £¥^{*HE 

[0015] 

[s@*p^-r<s/cJsf)©*S] i ©*«m 

a« . *^^a«©^@siJ«:ji5fiS; s ntcM o s h * > y 
x*OFi/<f>'V-xMi. fjlB^i**«©mriB 

Fu-Y> • y-^^M©^-p*Ji'M^©*ffi±^y- 

h^6^*/M^T0)iR$nfcy-hseB£. h?ib^«i* 
ss©angp(c:^3 ft/t$©rtg&c*ig^*9&j?X3 n 
t«c S8t*©3i5S!t*#l9!«t« £ . *««*©»£** 
^RlttM© 5 %oyptt < £ 6~fls©flt9X?£ftflM© 
l*i»{c*M&*ft. 9rSE©«BE**aWHStv*ci«cJ:-9 

THtriBMos h7>^>o^t ♦MRtftazftt 

„ ^ y _ h nmm<Dmm# £ =&*<®-r *> c £ 
£-r*. 

[ooi6] B?riBi«isto^Mig^7>iai^«. mib f u 

> - v - xMi^O© f- * * ^ + * JHtI©Wfflii 

gai*«tt«. itrlB^ * ^JHHi©MWJ(c^)sS;3 n/c^Sf* 

?**HB«©d>tt< £ 4>-^©F*3gPtCffl«)iiSnTI<^ 
[0017] *»W©J(l2©3|««tt«Htt. *^f*»S 

±«cjBissnyt^*yH2^ffl©Mos h^>^*©iB 

^f.&i^^'J^Tl/^i, Bt!B¥af#»tei:tt:jfS 
jgatelSS^^^ti-etiKlfc^-CBgiB^^S^©^!! 

auccjBiss ftfc*d©rta«ciB**wBia3 nt & steK 
©»S8*-f»ii««i . iusay* * jut u a k*»w- s 

jfi»©3tS23S^7>«®«© 5 *>©4>& < £ fc-§P©?SS 

* ; f»«««©rtawcaji>ii* ft; -i?f©D«EE#Enftis 

ft4C£{Cj:o-C|iriBMOS h 7>t?^^©^f *iU^ 

«r*S£Ytrs-'<t» *y- h^®ffl©^m^£ ; £*<i 

-T5C£?:!|#m£-r2.. 

[0018] ffiiiB^ * »J H2 )VT U «C*$W Sl8i!!©^S! 

xr-amMi* . iwa ^ * y * *iomo s h?>^ 

«©PHW*» 6^tf<ig(c0RS;3 ftrc»SiS3g5R^Bt^ 

&$ftTl>&C £&tttt£T&. 
[0019] 

[^©H«6©»l!8] WT. Sa«r#BSb-r*:^B§©^ 

Ji©ji9«*ttiie«ctt9i-r». 

[0020] <S1 ©9BN^flS>H 1 tt. *«BJ©*^ 
»SS©m 1 ©JltS^MCC^^MO Sh7>yxf©? 
SU'fT^ h©— 

[OO21]02«. 01 *©A-A '^^r&^^f ^> 
^ft^A (CateSitt^A) ©Kffi^i*©— 'W^^L/rt^ 
•5. 03«, 01*©B-B ' StC© 9ft**i3Si« 
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[0022] siT^sastctec^-c. lOitmmwM 
1 1 *5 &u 1 2 ttmnm&<Dm®®tc&viv)tem 

f&$ tltcM OS h -7 > ^ *© F > (Drain) ®i$*J 
J: t>* V - X (source)^. 1 3 tt^ttSS 1 0 ©Slffi 
tcJ&fiKS ttfcy- r tfitHH. 1 4 «WIB FU-f • 
v - zmmo * f * MML 1 5 ttiiuf B 

1 4±tcwisy- r*a&igi 3*/fb-cM?ntey- 

^PSttSffi 1 0 ±JC tifcHNttltR. 1 8 « F U 
-T>M^1 1K3>*> FU-Y>1H^> 18a« 
KU-f >3>£* FSB. 1 9«V-X^U 2K=J>* 
* l--r£V-*S2ii£. 1 9 aliy-X3>f * rSBr* 

[0023] ^Lr. 2 0BMOS h7>^^^©? + 
*->l/®l$l 4£^**Jl41:frfa©MIJa i £&*HigKia 
Vi&ftTC»5ai»»fcJ:**?^*««CSa11cw trench 

isolation;STI) "C*«5, -£©8i©l*jg|5K:«?i<,>*6i«Jgi 
2 1 *^rb-C«Sft (ttX.I*3HM£"J=i» 2 2#tt 

»ji*nr*ji3. c©&m{*2 2«mtf±sraBiii (0 

fcfc, 2 2 a». *£Hf*2 2 t_L§PBBj§l£©3> 
ha5r$>i3> 1 0©vWTXS&«. EP 

[0024] ±IBfft 1 ©HJ6J&J£©MO S r 9>5>X * 

se*©Mos iJt^-c, ( f 

gic^F>nrt^sn 2 0©^©F*3gp«, SEfcw^-c 
i ©mw&nrctt. ®t^^JR2 i«:H*n/cigmf*2 
^x. 6ft s <t ^ tcg^ s ftr t >s . 

[0025] 04li. 03*©STI 2 0 ©F*JSI5©£-*£JI 
~> 3 > 2 2 £3 I # UJ ZtctiXD? > * * 

r 5: £ S$&©Hfl£WSMte7nT»Tffil2r 
[0026] ccm HglO±KMSnfclS?l 

t)STI 20 ©rtgB©^*£.f^> «J =» > 2 2 £JS2^*^ I 

*auT±*©-»<f y-F«B4 2 tomi-caw^y 

4 3&cj:9 a>^^ r ££ otui. 
[0 027] BP^. @2fc«fcc*0 3K:7Kl,?cMOS h 5 

tcjfrs;* ftrt,> *sn 2 0 OftflSO&ttA^ 'J =» > 2 2 
^s-5^fbS2 i tt, frfe^^'> 'j n > 2 2 ©±®sr 
(D-giJtc^Eou-cpgpsnros. -eur, &sn 20 
Jb-e-eti -eftrt awoansas' y 3 > 2 2 s <fc s tc 
w bmozte^ y 3 >4 1 AW$ht*s 
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a i/ jb©^©^ 3 > 4 1 tc±^a> e>/< * # y - r m 

1 8Bh7>^Xif7l/^)i©MOS h 5 >>>;*£© 
FU-f>®E. 44«y-rlB&, 4 5tth5>5'** 
TU-f^©Ja2M^r±fBy- hffi^4 4tC3>^i' 

[0028] «c*». Btriay- hb^4 4 

S(c F — 7' S ti/c^JSS^ y =« >*>6 ftc *) . milBsn 2 
0 ©F*1g|SK:a«>)£$ nTC»S^ig^> "J 3 > 2 2 fc«fcc>* 

-en?:?ii?aiT/c*©^^y3>4 1 4>> 

S^C F-^SftTV-S. 

[0029] ±^b/c<t 5 1 ommzmcwtzM 

#>i? ! £tt'tO-5^i|£J!.^y =>>2 2*^ MOSh7>y 

[0030] c©<t ^ tmw.??*?- j:n 

^ r * )V&m<DZE2.it. MOSh7>-^f ©*«M^{ 
©^O-f^^f'f (Floating Body) <b*^^I#6 
7?*0. H(IIBL//Ccfc^^MOS Hv>v ; X$©#t4©lS] 

30 [oosiKfi (Dm^Bm(Dmm>m 1 ©^ss^ 

^s7?«, MOS h ; 5>yx^©9 L -i'^.JHliI7fl6]©Wffi , Kc 
Kwe>n-cc^srr 2 0©rtSPK^{b^2 U/rl/T^' 
v v v- h v 3 > 2 2 *ja*ji*nr 

[ 0 0 3 2 ] 0 5 ». ^1 (ommsm^mm^hu 

OS h^>^X^©?-r*^HH^rifil (Gat^fTJlfiJ) © 
40 [003 3] IP^> MOS h7>^^©f t*;Hl^ 

[6j©wfi"j*>e^tigtc^:we>ti-r(,^sn 2 o©-5 ^ 
©— ^©sn ©m©F*9S«:w^blR2 l^ESSn, * 

©it©F*3SPtC/< » b m®ffl©^*SS^ 'J > 2 2 

#S#ii$:tt-ci,>-2>#i. ffi^©sn ©^©rtgPK:^"C«: 

[0 0 3 4] MOS b 7 y X* frffiMZ^-Z- 
i tt S t d 5 *"C«, ^ 1 ©HJfiJ&ilg© «fc ^ (C -r * ^ 

Gi:£iS)©MfflJKg£W6ft-ci>-ssri 2 o©-e-n-entc-'< 
^ y- h «sfflo^iiA^ > 2 2 n-c 

50 i^WfiAsfftiTi^At. laIB8l9:ii-*jJ:t>*tt]X±, ±fB 
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$£MW<D J: 5 tc 9 + * -Ma#|S] ©MflPJteiS: W 6 ft r I > & 

sn 20 <D—-ft<Dfrj* *> v tf- v &mm<D&&n l -> 0 

>2 2£S&i£<&/a>i»£KW^r&-5. 
[0035] ft*. ±1B?& 1 ©»H0B«*J J:^*©*^ 
0!|©MOS h^V^X^Klfc^T, SaiA 1 ^^^ 1 
f 1 ^ 7* U — '>3 ^U'fi'— (depletion layer) tlli. ^ 

Y= [2 £ <Vg +Vbi/qND ) ] 1/1 

120 ©— 7j©#^* ? f y- h m@ffl©^^-> 'J3> 
2 2#a*jisn-c^s*i^c«±iaYck < . * 
+*j^i^©Mi»JK^p.n-c(,^sn 2 0©-en-e 
n«:>< * * y- r ft«fl3©2HSHV> 3 > 2 2 

$ ti X I >S ^ «: « 2 Y J: K> >b 3 c » c t w&mx * * o 
[0 03 6] STI 2 OCDPimtCfcf&Ztl-C^&m. 

1\M2 1<D$S§«. MOS h^>i>X5tD F U-OGii^ 

1 1 • y-*«W!l 2©gg3<t0 4>gH<. sri 2 0©rt 

gutcasbjA^nn^^-? rsffiffl©^*^ y 

Sl^#-C S C i *s^t * 2> . 
[0037] Sfc, MOS r5>i^£©!|#t4fa±©fc 
abtcy- rflfti^l 3©<S3«+^cc?S<^§nTte 

o?t©MS«iaa*^ < % o . ftrocaswsd&s* 5 * 
s„ -ec-c. sn 2 o©p©rtgtt^3nTO€>i8*t 
it 2 i ^buib^'- vmmv& i 3j;o 
tc*), sn zooicortto^iiii/t, pnaM'fbJi 

2 1 iCtt*.TS i N|g&<h*ffe©tt^£JBC>££5K:^T 

[0038] <m2comm^m>me». n2<DW&B 

iK^SMOS h^^y 1 ^^©^^^;^^©^®^ 

it©-$l£^UTl,>.5„ 07«. Sfl2©3l;tel&J£K:<££ 
MOSh7 *©*■ + *;H|@:Wa©»rffil§Jt©— 00 

[0 0 3 9 ] ^2©^SS0SI©MOS h7>^^(i. 

m i ©ggifej#i§©MO s h > ^ * itb^r, 
««3tt>&to»*«. ¥«»»«<t i^soi mm o&m 
t>6n-c(r»sjs**jitt»>. -?-©flfe»i5icr*2)©-c02 

[0040] SOI »«<Wafer) 6 OB, 3tl#*tS6 1 ± 
K:j&>£3ft/c*&i?§l§ (MiLtfBox BMbM) 6 2±&c^'J 
3>®6 3mm^tlXixK), f 'J3>H6 3©SUgSG 
(CMOS r -5>i>*£©F lW>(Drain) fcg^cl 1 & J: 
tfy-* (source)^ 1 2 TWMtRffJKffJfiXSttT t,>£. 
-g-UT, MOSh5>J/XiiOft^)|(145:f t 
* JHHTj fa©W»> £&i?{4g«:iS:W *E>ft-c c> £ sn 2 

Ott. ^©j»^B5fBBox 8?<b®6 2rt^-rS^3{C^ 
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[ 0 0 4 l ] S 8 «, 07 q>©sn 2 o ©rtSPKaftji 

$n-CC^^ife^>UrJ>2 2*?I^HlUr3>^^ r 
ZtZffi&O-MZ^T&iWm-Ci,*), 04* tin— SB 
#tUi|5]— LX^ £„ 
[0 042] W%> 08«:^-r<k i 5Kl < r?>^X*T 

ww««:jBj«3ftt:t»*sn 2 o©F*jgB©£*£lfr>y 

3>2 2£S5K<blg2 l©5*>"T^*SI§r>y='>2 2 
©±ffig|5©-SB*^P3nri,^„ -e-l-T. &sn 2 0 
±r-?-ft-eftF t g§i5©^*£ B E i>' ^ > 2 2 tc jtft £ <t *> tc 

10 1 1 W L/M©^ttA^ 'J =» 4 1 n-C*J 

9. F5>^X*TU^{S«©JS2^C1t&3l£tiai/ 

ffl©^ttS'> y => > 4 i «:±*^e>^ » ^ f «®4 

2*iil7 , 7y4 3=&/M/'C3>i'i' h-T€.J;^^)iX 
[0 04 3] C©J:5CCS0I S«6 0?:^ffl-r^Clt{C 

^^■7 y 7»f7»^7'j -a t©— )H2W«c^)* 

^mmc J: SISOlSiWt, ^ •» 7*ffiS©«S/Nk^ci'0 
20 -fiSW^^w^sci^-rtrSo b*>fe. mos 

S 7 r * * - (S-Factor)©®?i, /<tf 'Jf 

^ (Drivability) ©loJ±> jttjtJiSS©lSl±*^*WfiP'*" 
4Ci*^?, h<#ji©MOS h7>^f 

«>: Is) fiHc #&©&## <fc "3 JDiS 3 ft* . 

[0044] <sfi 2 <Dwm&m<Dmm>m 2 ©^0 

it?B, MOS r7>i 5 ^#©?-r*^$i77[&J©|i^ffl l JtC 

ts^en-cc^sn 2 0©rtSPccKfbM2 i*^lt« 
30 v^y- hmsffl©^*SBi->y 3>2 2*5a«>ii$n-c 

[ 0 0 4 5 ] H 9 «. ^2 <DmnBi&<D$z.&m< l cmzM 

OS h-7>^^^©^-f ^;HtI^|6l (Cate^tf^lSl) © 
KE1*£©— ^^L-rfcO. @7*i|B|— SP^«:«lBl 

[0 04 6] BP^. MOS h-7>> > ^^©^-*'*;Hfa^ 

|Hi©Wffl>JK:iswe.nri^sn 20©^©- #©sn 

<Dm<D^m^tmitm2 i**«sh. -e©it©rtSPtc 
40 i^y- h^ffiffl©^ H v> y 3> 2 2 

ffe^©sn ©?8©rtSPK:^-CK:«^bM2 1 

[0047] <^3©^6feffjsi>0i o«. m3<omm 

^gStC^-SMOS F7>^^df©^ + ^^HH^lS]©Wa 

«jt©-mmurc^ 0 

[0 048] ^3©Hfi6ff23S©MOS 
^2©*iS^fig©MOS Y^^VKZttk'^X. (1) 
01 llc^-Tcfc^c. 3^S«6 l©^«S|l{C^i;l/0V 
en)M$6 4#Jfcf£3ft-Ct>&.£. (2)mrfBsn2 0 
50 tcS AjA SEtitt^^^^y-h Sffiffl©^*£H -> y =J 



9 

>2 2#S0I *K6 0©Box ffltmG 2T<DVX-*ffi& 
64Kn>2* F L>T l> 0. f-OffcttHCT 

[ 0 0 4 9 ] 0 1 1 tt. 010 tt"©STI 2 0 <DI*3S5fc:g 

nr ^s-> u a > 2 2 *? 1 * m u-c a > * 
zy*tz>ym<D-m*m-?timm'c&*)> 08* tin 

[0 0 5 0] IP£. h 9>^*TU-f «WI«:»flE3*» 

-ci^-S&sn 2 0©rtH«:^snTc^^b)S2 10 

5 rtac«:aii6iis n-cir»&'< ? 9 y- f wmm<D& 
y a > 2 2 ©TisaJccMisi-r s fit 

to «3 . c ©£-*§ll~> y a > 2 2 ©TisSS^ifiB^ x-rt-fiR 

$6 4cc;s&£<fc5(cj&&;*nTi>£ < , -eu-r, f-5> 

i?**T U4«*©JB2»WK?. ^x;l^Ri|S6 4 ©±# 
frh^'jVf- YnmA^tmm^'yifA 3toJ:i^sn 
'rt©3HS»5^ya>2 2%^0-C^xjl^RtDl64tC3> 
* * FT-SiSK^StiTtoD* &/<»*y-F*« 
fflOO^tSS^y a> 2 2 9 *y- F^tt*-^ 

[oo5i] ±iBit^c<tn«. fr»<-7*y- FS@m 

©^*SiH'> y a > 2 2 &t— ^©-^ vVf-y mtiL***Z- 

m^vcMm^^^^^ 2><Dxmmx& £ . 

[0052] <Sft3 ©HSgJE®©^0<l>S& 3 

s§-m*> mos t-5yi/x5<D : ?+*Mal5fa<DffiMK- 
WttthtiX^Zsn. 2 0©rtSBtc®rtbM2 l iftOX* 

vty-Y mmm<o^^ y a > 2 2 #auw&*ft-c 

Ofcrti. 09tC7f;O?cJ: i 5tC > MOS h7>^^<Df 

**A(B^©lHflfcSW&**" c ''»* sri 20©5to 

— ^©Sn ©»©F*i8MC«K*bM2 1 £/i-l>ta -j 9 ? 
- F Wiffl©3HS»5/ >; n > 2 2 . flW© st 

1 ©rtgp©£TK8Hblg2 1 £SS>>£if <fc 9 CCflij§£^ 

[0053] <m4<omMim># 4+ 5»*sk«*y 

(ctoa»r. Se#©i • 1 * + /<5/* 

4 ^ * 9 -fe;l/© A * - >tM X£*§'Jvr 4 fcfcfc , W*. 

&IEEE Trans. ElectronDevices. ED-29,No.4,April 19 

82 K^sn-ci^ct^^tMos f^>^** i ma 

(O^Z-l/^-i XiPhtSLhTL Cell #g^$*Tr<,>-5>. 
C©TI Cell «. W*.«B2 5 (a) . (b) , 02 6 (a) 

m-r bp*?. mimm>-v >x 

U "C to 0 . y- h (Cate)^®T© P §S WBJSWsS^ * ~" 
JKHole)%«J#UTMOS r =7 * ©Hffi49MbS 

[0 0 5 4] 02 7tt. ft*©l r?>5>** • 1* + 
= 9 »£j(*l/ (l-T DRAM)£> 02 5 (a) , (b) . 02 
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6(a) . (b) K^UfcTI-Cell T7U-fA5M3ilfc^ 
41- 5 'j ^S>*y (TI DRAM) tCOC»-C. ^U^F'" 5 .* 
(Current path)4tb^L-C^T[5IK0-C*a. 
[ 0 0 5 5 ] TI CRAM (tteOT. WLttlol— ^©Tl-Cell 
©§y- h (cAatcSttd n/c -7 - F8L CLWl5l-tf© 

-n-ceii ©« ku-y >«:ftii{c«^3 n/ty- h 

^, BL«|S]— ?IJ©TI-Cell ©SV-XCC^a«:S^3^ 

[005 6] Tl-Cell tt. f- HSS2 5 1 . 
L0 *S 'J a > y- r (FOLY Gate) ^€iT© P 

kv^mpemmfflm+fM** s i o, > 

2 5 2KSb/cgl5»-C7f;*«fJ7*P7T -Y;l/ (Profile) 

h 5 >t>^ »©n mwmmm<oim*m < >s o . 

(Short) T-Si^-^fc^^ffi^S^*' 
[0 0 5 7 ] -ec-C\ ^W^TI-Cell CCjgfflL//cf[l4 
©3Rie&»tt. Tl-Cell ©S^StffiJ^i btr^fiKU/c 
STI ODP^SPOCgl^^ ^ ^y— H^fiB^r^fiSb-CSfii^Ell 

ttrrscitcjro. pnp h^>i/^af«^->#TtciES 

[0 0 5 8] * fc> Tl-Cell "Ctt. y- h^S2 5 1 T 
© p ®^*6©^tCHole4^-^(Hole)%«^Ft' ^* J > 

sn ©««:«Wffii»©ft:»©S«* | ffarrsJl&«:tt, 
C©«iSf©^tc4>W^*a. 
[ 0 0 5 9 ] 0 1 2 tt> m4©*«S0§^Cte^^TI-Cel 

i mz.ir<m) tcie?u$n/cruw©¥ffiu 

^T 1 ? h©— ^1)4^1/ TfcD. bit ^W^lSJK^O^ 

^Ti-cen «sn 3 otcj;9^SI3nri>5>. 

[0 0 6 0] 01 3«. 0 1 2tp©A-A ' mcfa*)Tl 
30 -Cell ©?-r^Jl/S^ (bit SWJS) ©»rffi»J§ 
©— WZmls Tl^-S. 

[0 0 6 1 ] 01 4«. 0 1 2*©B-B ' HCCfS^TI 
-Cell ©^^*JHfI^fSl(Cate W^1"J) ©Btffi^^© 
— m&ml, Xi>Z. 

[0 0 6 2 ] 0 1 27!»M0 1 4KU>t. 10B*«tt 

1 1 to j: en 2\t*mt*mtii<Dmmmtmm)iz 

WM 3 n/cTI-Cell © F U -f > (Orain) «4lto JlW - 

x (source)^. 1 3 \t^mwwmwm^^ntc 
y- h*ft»«'c*s. 

40 [0 0 6 3] 14ttWEFU-f>fW*-V-***««© 
? + 15Bft *;Hl«_BciwfEy- F*6^ 

*y- r«* <«7- f*©— ») . i 6ttwisy- ms 
a i 5 *s^«^^)S3nfc0!i^«^fb^ y a>K*>^ 
r«c?,y- Fm€s«SIS. l 7B*J»*S«±«:^Sti 

[00 64] GL«BtrlfiFU^>M^tC3>^^ Ff i 

Um&V-* 1 ®.^^** FT5t'-y F^. CB« 
50 fc'? F^©a>^^ FgB-C*-5. 



la 

[0 06 5 ] 2 Ottbit agWrT^Kie^JS tltcW.m<D 

n-ceii £BX9HtHi§«:ig:W6nTi,>-5>sn 

*<D«©rt»JCt3aS*flc (m«^ B B B '>«;3>) 2 2 
y- h (back qate)iS«:a^ *) . Bf5e©«tiL#^*. 6*1 

[0066] <m4<DnmwM<D%Mm>m i 5 «> in 

4 ©H$feJMs©^0!l«:fc Win-ceil &mmttoicE&! 
Sn/cTU-YO^ffiU-fT^ h©— W4*t/^5. 
[0067] COW-Wl'JT'y R*> bit 
$f}-&<5n-ceii T?FW>*«1 lfei^-encca^ 

If^lSltcK 9 £ 5 Tl-Cell *J±fHftW 1 1 

tctJj^snaciJci;*). bit *w#fiw>ir-f* 
jMf§/h3n/c4>©r£>£. 

[006 8] 01 6«, 01 5cp(DC-C ' ifgHCfS^n 
-Cell ©^ + ^ft^ft (bit iffi^) ©Brffittit 

©— cctb, wufpS!¥j*#s« 

1 0 ©&JBSIUC jlttftK: n S^M^ffitXH* 1 6£t& K U 

-/>M®i lfc-Jjtfv-xwai 2 ^Rssn-c *>-»). 

IB 4 ©S9WI*MI"CIJWI L/cTI-Cel 1 © f f * 

(Mt ommmm^fmi 3<ptm-& 

[00691012 7iS0 1 6 tC^0fc^4 ©^J6JK?J 

feJco'^w^^lKifc^-c. sn ©iWtil<ie>j££*i-r 

HSfiiffl©^*Se%'> , ;3>2 2tt. W5L 
Um 1 ©*«»«& BMWe. 0 4 Lfc J: 5 K3l#tH 

[0070] <m5<ommjtm>m&, soi i« 

8SSB£soi »g±&c*li&Lfc*>©-C£><3. jaj2@8Sgp«: 

[ 0 0 7 1 1 0 1 7 W. ^5©*Jfem^C^STI-Cen 
©^^^^^©Krffiltig©-^?:^^^^^. 0 1 
8W. S&5©IIJf&^!i§fc:<fc5n-Cell ©? + *Jl'flt&ft 
©Brffiffijg©— W5r^l/rt,=>S. 01 9W. 01 8«© 

sri ©rtgpKafejisn-ct^^Bf^y^^^^i^tn 

3 > 2 f h 4 <t •&$&©— #l£^T»rE0T? * 
[ 0 0 7 2 ] 0 1 7 1 8 »4 ©^Sfiff^© 

I&lp!-C#H8l/fc0 1 3*s«tC/0 1 4 iit^r. 

©{fe»|B1D-C*S©-C01 3«£fc«fct>'01 4tfi|Bl— W 

[0 07 3] tt*. 01 9tCfcC»T. Tl-Cell 7U^i 
^tC^fiSSfltriJ-Ssn 2 0©p t jgP©^*SS> , J3>2 
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12 

2£tt&ttKI*t&l>AJ©&NMl2'V=>>4 lte*tL 
X . Tl-Cell 7l"f ««©JH2«*C±**» 6'< » * y 
-b®@4 2*i3im7 , 7^4 3*/M/-C3>^5' 

[0074] <»5 ©jOBB»DSBBW>H 2 0 * 

©KiBflia©— flfUi^L-ri**. 02 n*. 020*© 
sn ©rtgptcafeii^n-ct^^Bi^'Jn^^gi^Ui 

10 [00751020 *5 J:O*02 1 ^5 ©^S6?$£© 
SiWt?#Ji8O/c01 8*$<fctf01 Qitb^-r, (1)0 
2 UC^rJC^K, 3£J#»«6 1 ©gUSSHCOXJl'SSJ^ 
6 4 rt^JSStvT (2) 02 0K*vrJ:5M:> 

sn 2 0(ca©&*4m>S'<? *y-hmsffl©^*£ 

Six y 3 > 2 2 ©T^SP* J SOI StR© Box mik& 6 2 T 
©9:t.fefltl*6 4CCaU-C^£sgaWJ: i 3, ^©ffefctP) 

D-c$>s©r0 1 8**$^;^ i Q^Ptm— &^&ttl> 

[007 6] Kb, 02 1 K*5ti-C. Tl-Cell 7Mi 

20 ^(c^^nr^-SSsn 2 0©p»?S(c^3iT.ri^ 
^{bK2i©5^, rtffte»ft&*n-ct,»5>'«?*y- 
h SeBffl©^Bl-> y 3 > 2 2 ©T^§I53& J MP S *iT(r» 
io fit, CO^ B ->'j3>2 20TM* 3 '>^1' 
^6 4icatJ r «ci < t i 5ic^$nt:*j0 1 rr-ceii ru 
M^©JS2M^-c v *)\>im 6 4 tc±^r & 

-h«@4 2*i«m7'^y4 3fcJ:J>'STl rt©^ttS'> 
ya>6 2*^LT3:/** HTSJ:5KJBfiR3tVCfc 

o , ^< t> v - v ^mm<D&&&is y 3 > 2 2 tc^a 

30 [0077] <*6 ©*JWB*>*6 ©JttSJBMrrtt. 
01 5«r#RSU-CBfraiL./c^4©3lfi6^Ss©^^!lira 
-tUtCTI-Cell jW«MWKrod3ftfcTU-f*WU 

[00781022 «. M 6©HW^®tCtJWSTI-Cel 
1 ©^ + (bit tt¥fr#ft) ©KffiflUt®— 

W%^L/-Cfc«3. »4 ®SBM9e*®SE»«©tti8"C#ia 

u/c0 1 6 ttb^r, ¥m#m& t trsoi a«6 o*s 
fflc>6tirc»*^a«co. -e©ffe«i5iDr*i©r0 

40 [0079] 

[^W©^J*] ±ai//c<fc5CC**l§©#«f*$ia{C<fc 
sn rt«PKi»*(**a«>iitfC4«:J:D. sn * 

ii©MOS f-^>^^f*H^t?#4. MOSh 

[011 *^HJcD*^fl:^g©m 1 ©SOWI5»«C«aM 
OS Yv^V'Xit<D'¥-mi"{TV h©— ^€:^T0. 
50 [02] 01tf©A-A ' fflCfe'>?-+*>\'W}3$i\ (Ca 
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tegS#fa) ©Kffi0. 

[@3] 0 lt£©B-B 5 ^-t^MSTjlS] (Ga 
teW#|Sj) ©Bf?ffi0. 

[04] 0 3#©sn <DrtspK:a»jisnrc^^tss 

TBrlE0. 

[05 3 01 ©^0&©£fl*Wc<fc£MO Sh7>y 
XZ<D*-**>\'W3fa (GateW^ft) £ns-rBrflS0« 
[06] Sft2©3lMJ&8UcG&*MOS h7>^f©f 
+ **g;frfi*^TIi>T®0. 10 HH. 

[07] m2<Dmmmmi>cm^Mos h5>^x#©* 
[08] 07i£©sti ©rtswcs&i&sft-c^&^jsn 

TWBB0. 

[09] S&2©^»^©^Wt£&£MOS h5>i> 
*£©?•* *;H!:£lSl (Cate^tf^) *^TKM0. 
[010] JfT3©ll«fcSSK:G&2>MOS h^>^X*© 
-r *JU*I*|6j ; £7nTBTffi0. 

[0 1 l ] 0 1 0 4>©sn ©rtgpccffldbiiisn'Ct,^^ 20 
aSH,^ "J 3 >£? I # Ul n > * * h 5: i £*fii©— 09 
*7*f»rffl0. 

[012] Sg4©H«I^C&£-n-Ce"n ©7U-fOf 
HU-fT^ b©— ^?:^-r0. 

[013] 01 2<£©A-A ' j^fCjS^TI-Cen ©? + 
^JUfiT^fa (bit UWttfa) ©Br®0» 

[014] 01 2 4>©B~B ' JIHCfS^Tl-Cen ©?+■ 
*jHH^|Sj(Cate Wf^lS)) ©8FfB0o 

[015] 04©H*fi^©^ff^K:*jWS-n-cen © 

7U-f ©^FS U-fT"? f- ©— ^l*^T0o 30 
[016] 01 54J©C-C ' I^CjQ^TE-Cell ©?+• 

^fi^fa (bit if^T^) ©Kffi0» 
[017] ??!5©|IW$tSK:fcWSTI-Cell ©? + *Jb 

fi*|Si{C©^WrE0. 

[018] m5©HJte^{c*>wSTi-cen ©^ + *;u 
*I:frS]fc:&5®TE0. 

[0 1 9 ] 0 1 84J©sn ©iwcaattesm: 

IMS' V => >*9 1 * W 3 > * ? h * i Stti*©— m * 



[02 0] *5flW(l*»MI©Se»««C*JWftTI-Cen © 

[02 1 ] 02 0 4>©sn ©F*jgp«:ttJst)ii*n-ct^^- 
ttAi/ x) 3 1 £ ai br =» > * * h * £ s«jS©— w 

[02 2] ^©HSfeff^Ktett-STT-Cell ©* + *;U 
fi;frl°J (bit i&W^fr) ©»rffi0. 
[02 3] y7)\,V-Y?*4*m&Gffi%M*7fi1r%i 
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1 4 
1 5 
1 6 
1 7 
1 8 
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[024] \ Xflfjg©^©^*^^ 

T»rBD0. 

[02 5] &fcl©TI Cell ©Kffi«t&*5<fcO*S«M^¥ 
ffi|*3©^<}i#flj£^-f0o 
[02 6 ] 02 blC^LtcTI Cell ©S^I^S^fSl 

[02 7] S£3fe©l h^>^X* • 1 + + ;^>£:fc>6ft 

U Cl-T DRAM)£02 5fcJ:O'02 6(C^UfcTr-Cell -C 

1 0 -ifMMMHfc 

• KU^XDrain) 
•V — * (source)$Si$. 

1 9-V-*ffi«. 

1 9 a - h3B. 

2 0 ~&HMm*c5m > 
2 1 •••BMfcii. 

2 2 

2 2 a - *gH#:3>** hSP. 
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